Application of biochar to soils is proposed as a significant, long-term, sink for atmospheric carbon dioxide in terrestrial ecosystems. In addition to reducing emissions and increasing the sequestration of carbon, production of biochar and its application to soils will contribute improve soil quality and crop productivity. Objectives were i) to evaluate biochar productivity from crop residues using a low-cost field scale mobile pyrolyzer and ii) to evaluate characteristics of feedstocks and biochars from locally collected crop residues. Pyrolysis experiments were performed in a reactor operated at 400-500°C for 3-4 hours using biomass samples of post-harvest residues of corn (Zea mays L.), cotton (Gossypium spp.), rice (Oryza sativa L.), sorghum (Sorghum bicolor L.) and wheat (Triticum aestivum L.). Feedstocks differed, but average conversion to biochar was 23%. Carbon content of biomass feedstock and biochar samples were 445 g kg -1 and 597 g kg -1 , respectively. Total carbon content of biochar samples was 34% higher than its feedstock samples. Significant increases were found in P, K, Ca, Mg, and micro-nutrients contents between feedstock and biochar samples. Biochar from corn stems and rice hulls can sequester by 60% and 49% of the initial carbon input into biochar respectively when biochar is incorporated into the soils. Pyrolysis conversion of corn and rice residues sequestered significant amounts of carbon as biochar which has further environmental and production benefits when applied to soils. Field experiment with crop residue biochar will be investigated the stability of biochars to show long-term carbon sequestration and environmental influences to the cropping systems.
Introduction
Judicious management of crop residue is important not only to sustain crop production but also to reduce carbon emissions from crop production systems. Burning of crop residue leads to emission of CO 2 and other greenhouse gases (GHGs) (Zhang et al., 2008) . Conversely, crop residue can be composted and recycled as a major nutrient source. And direct return of crop residue to the soil can reduce chemical fertilizer use through improving nutrient use efficiency (Malhi et al., 2006; Teasdale et al., 2008) . Use of compost and manure also improves the soil organic carbon (SOC) pool and enhances crop yield. Carbon sequestration in soil is a technique for long-term storage of carbon and has been proposed to mitigate global warming (Baldock and Smernik, 2002; Lal, 2004) . Carbon sequestration can be taken a step further by pyrolysis, the burning of plant biomass in a limited O 2 environment to form biochar (Baldock and Smernik, 2002; Lehmann, 2007a) .
Biochar resists microbial decomposition in the soil for a much longer time than regular biomass (Lehmann, 2009) to provide environmental benefits. Large amounts of biochar carbon may be sequestered in the soil for hundreds to thousands of years, but few studies have quantified or estimated the carbon sequestration as a result of biochar application (McHenry, 2009) . Biochar application into soils lowered greenhouse gas emission by 12-84% compared with its direct combustion for energy purposes (Hansen et al., 2008) .
Studies also show crop yields can increase with application of biochar as a soil amendment (DeLuca et al., 2009) . Biochar improves soil fertility due to its strong exchange capacity to retain nutrients for plant uptake. This capacity also acts as an environmental buffer in which the biochar retains large quantities of nutrients and pesticides to reduce their losses by infiltration into ground water and runoff into surface Article Won K. Jung waters (Van Zwieten et al., 2010) . Crop residue biochar can be produced by pyrolysis, a thermal decomposition process used widely for converting solid fossil fuels into liquid and gaseous hydrocarbons and a solid char residue. Coal pyrolysis has been widely studied (Howard, 1981; Liang et al., 2007; Teng et al., 1997) , but few investigations of crop biomass pyrolysis have been reported. Biomass carbon from crop residues is composed of cellulose, hemicellulose and lignin (Demirba, 2001; Goldstein and Company, 1981; McKendry, 2002) .
Biomass pyrolysis to biochar by thermal decomposition of organic matter results in the production of char, liquid and gaseous products (Demirba, 2001) . The process can sequester up to 50% of the initial carbon input that can be returned to the soil (Lehmann et al., 2006) . Pyrolysis of biomass was evaluated for recovering a bio-oil (Mohan et al., 2006; Oasmaa et al., 2009) . Lignin decomposes over a wider temperature range compared to cellulose and hemicelluloses which rapidly degrade over narrower temperature ranges. Lignin gives higher yields of charcoal and tar from biomass (Alves et al., 2006) .
Historically, evidence for soil benefits from highly reduced carbon compounds have been known since the discovery of a black colored soil in the Amazon basin of Brazil termed Terra Preta. The charcoal in these soils was added by native Amazonians to create arable farmland (Glaser et al., 2000; Lehmann et al., 2006) . Terra Preta soils contain higher levels of P and Ca (Glaser, 2007) . They also have high soil organic matter (SOM) content and cation exchange capacity (Cunha et al., 2009) , which can contribute to improve soil fertility. Carbon enhanced SOM offers other direct values through improved water infiltration, water holding capacity, structural stability, cation exchange capacity and soil biological activity (Lehmann, 2007b) .
Several laboratory scale pyrolysis studies have been reported. However there are few practical field-scale studies involving biomass composition, small-scale pyrolysis and evaluation of land application of biochar in a somewhat closed system. Such as system may be easily adaptable to local producers for their field scale application. Therefore, objectives of this research were i) to evaluate biochar productivity from crop residues using a low-cost mobile pyrolyzer and ii) to evaluate characteristics of feedstocks and biochars from locally grown crop residues. In subsequent studies field testing of the biochar will be conducted to evaluate the longterm carbon sequestration and soil fertilization.
Methods and Materials
A low-cost field scale biomass pyrolyzer was constructed at University of Missouri-Delta Research Center and consisted of a steel cylinder with an inside diameter of 0.65 m, height of 1 m and capacity of 0.33 m 3 ( Figure   1 ). Air-flow inlet and exhaust pipes were installed on the bottom and top of the pyrolyzer cylinder through which air flow is controlled manually during pyrolysis.
A fine-mesh screen was installed 15 cm above the bottom of the reactor cylinder. Temperature during the pyrolysis process was monitored with a thermometer probe in the middle of the reactor. Crop residues were added to occupy about 80 to 85% of reactor capacity.
Charcoal lighter fluid, a volatile mixture of phenol distillates, was sprayed onto the biomass surface to accelerate ignition and to nurture uniform burning of crop residue. Soon after ignition, the steel lid was closed with bolts to provide an oxygen limited reaction.
Temperature was maintained at 400-500°C for 3-4 hours. When finished, the lid was removed and water was sprayed on the biochar to prevent burn down. Three separate batches of each feedstock (replications) were pyrolyzed, after which the biochar samples were air-dried.
Residue from corn (Zea mays L.), cotton (Gossypium spp.), rice (Oryza sativa L.), grain sorghum (Sorghum bicolor L.) and wheat (Triticum aestivum L.) were used as biomass samples. Samples were obtained during 2010 at the University of Missouri-Delta Research Center research farm near Portageville, MO. Corn, cotton, grain sorghum were grown with ground water irrigation and conventional management practices recommended by the University of Missouri. The Sharkey soils of the research farm are on flood plains and low terraces of the Mississippi River; MLRA 131A. They are classified as very-fine, smectitic, thermic Chromic Epiaquerts (Soil Survey Staff, 1997) . Crop residue samples were obtained after grain or cotton harvest and consisted of the whole plant except roots and grain/or bolls. Crop residues were air dried, chopped and sieved manually to give a particle size of 0.4-10 mm. Wheat straw was collected at the local farm after grain harvest in May 2010. Rice residue (i.e, hulls) was collected from local rice mill (i.e., Riceland food, Inc., New Madrid, MO), and used
